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Developing aptasensors for forensic analysis to provide the highly specific detection and quantification of forensically relevant materials (such as body fluids, drugs, explosives and toxins) without the need for extensive sample processing steps [16] [17] [18] . Displaying significant M A N U S C R I P T
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conformational changes upon target binding and allowing an extensive range of chemical modifications (including the 1 incorporation of various optical, electrochemical or nanoparticle reporters [19] ) at various sites without loss of binding 2 affinity, aptamers may be considered as ideal recognition moieties for use within molecular sensing purposes [20] .
3 4 Table 1 -SELEX protocols that may be used in the selection of aptamers against forensic targets 5
Protocol

Mechanism Advantages Reference
Capillary-Electrophoresis SELEX Aptamer-target complexes are separated from unbound nucleotide sequences according to electrophoretic mobility.
-Selection may be completed within 2-4 rounds.
-Useful for small molecule targets.
[21]
Capture-SELEX Library sequences are displaced from magnetic beads by target binding. Unbound ligands are then removed magnetically.
-Aptamers display large structural changes.
[22]
Cell-SELEX A panel of membrane biomarker-specific aptamer sequences is produced as a result of exposure to live cell targets.
-Counter-selection used to increase specificity.
-Selection performed on targets in native state.
[23]
FluMag SELEX Complexes formed between bead-immobilized analytes and fluorescent library sequences are collected magnetically.
-Selection rounds and dissociation values may be quantified by fluorescence measurement.
[24]
Graphene Oxide (GO) SELEX Graphene oxide is used to adsorb and separate unbound ssDNA sequences from aptamer-target complexes in solution.
-Requires less than 5 rounds of selection.
[25]
In-Silico SELEX Theoretical oligonucleotide libraries are screened against a target using computational tools to identify potential binders.
-Atomic-level mechanisms of nucleotide-target binding can easily be determined.
[26]
Microfluidic (M) SELEX Ligands bound to magnetic or sol-gel bead-conjugated targets are purified by continuous washing within a microchannel.
-Lower target molecules and reagent volumes are required as a result of miniaturization.
[27]
MonoLEX Affinity columns used to partition aptamer-target complexes are physically segregated to elute highest affinity sequences.
-Requires a single round of selection.
-Diminishes competition between sequences.
[28] NanoSelection High affinity aptamers are detected and recovered via the use of fluorescence and Atomic Force Microscopy (AFM).
-Binding affinity may be measured by AFM. [29] these modified techniques differ in their approach to the separation and removal of non-specific ligands [33] . By altering 23 the means in which aptamer-target complexes are partitioned from unbound oligonucleotides, aptamers may be selected 24 against particular target types with a higher specificity and affinity than would be possible using conventional SELEX 25 protocols [34] . As the physical properties of forensically relevant targets are extremely diverse, it is vital that an optimal 26 selection method is chosen and carried out prior to aptasensor development. A summary of SELEX protocols that may be 27 useful in the selection of aptamers against forensically relevant targets can be found in Table 1 .
28
These modifications are especially pertinent in the selection of aptamers towards low-molecular weight forensic 29
analytes (e.g. toxic chemicals and explosives), where separation is problematic due to the similar masses of bound 30 complexes and unbound nucleic acid sequences [35] . The immobilization of such targets to a solid support surface (e.g.
31
sepharose, agarose or magnetic beads) may be used to increase separation efficiency but can also result in the 32 amplification of non-specific sequences that bind to the support matrix or immobilization linkers [5] . Furthermore, the creation of a chemical link between the small molecule target and the solid support can introduce an unfavorable selection M A N U S C R I P T 
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Commercially available NGS platforms previously used for aptamer discovery include Ion Torrent's Personal Equilibrium Dialysis Separation -Unbound ligands within an aptamer-target mixture are allowed to diffuse through a semi-permeable membrane before being quantified.
[62]
Gel Electrophoresis Separation -Like capillary electrophoresis, binding components are separated by size and charge but by a nondenaturing agarose or polyacrylamide gel. Visualization is required to observe isolated components.
[63]
Ultrafiltration Separation -Unbound ligands are measured after partitioning across a membrane (typically nitrocellulose) under applied pressure, vacuum or centrifugation.
[64]
Back-Scattering Interferometry (BSI) Spectroscopic -Changes in the refractive index of a sample through the association of aptamer-target complexes are detected within a microfluidic channel.
[65]
Circular Dichroism (CD) Spectroscopic -Differences in the absorption of left and right circularly polarized light are monitored during the titration of DNA against increasing concentrations of target.
[66]
Fluorescence Intensity Spectroscopic -The increase/decrease in fluorescence intensity of targets or labeled aptamers as a result of complex formation is measured via spectrofluorometry.
[67]
Fluorescence Polarization Spectroscopic -The rotational diffusion of fluorescent dyes conjugated to aptamers or targets is decreased as a result of binding. Subsequent increases in signal polarization are then monitored.
[68]
UV-Vis Absorption Spectroscopic -Affinity is inferred from variations in the wavelength or intensity of UV-Vis absorption of aptamers or targets upon binding.
[7]
Quartz Crystal Microbalance Mass-Based -Accumulation of aptamer-target complexes on the surface of functionalized piezoelectric crystals results in a measurable decrease in resonance frequency.
[69]
Surface Plasmon Resonance Mass-Based -Ligands immobilized on a sensor flow cell are subjected to an aqueous flow of binding partners. The formation of target complexes then results in a change in refractive index near the sensor surface.
[70]
DNase Footprinting Other -The relative levels of aptamers protected from digestion (by association with varying concentrations of target molecules) are determined after treatment with DNase I enzymes.
[71]
Isothermal Titration Calorimtery (ITC) Other -The amount of energy required to maintain the temperature of a cell is monitored during exothermic aptamer-complex binding.
[72] M A N U S C R I P T
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Variations in the size and physical properties of forensically relevant analytes make the evaluation of aptamer-target 
24
to signal biological interaction occurrence [77] . Such sensing generally relies on the structural transitions that aptamers 
41
Two popular forms of optical aptasensing include aptamer-beacons and hybridized DNA displacement assays [80] .
42
Based on the conventional molecular-beacon format for the detection of specific DNA molecules, aptamer-beacons are
43
constructed by the addition of short complementary nucleotides (alternately labeled with a fluorophore or quencher) to 44 each end of a specific aptamer sequence [14] . Under normal conditions these nucleotides allow the aptamer to take on a
45
closed hairpin structure, bringing the quencher and fluorophore moieties within close proximity and restricting 46 fluorescence output. However, in the presence of target molecules, aptamer interaction causes the hairpin to unfold, resulting in the production of a 'signal-on' fluorescence emission [80] . Hybridized DNA displacement assays ( 
50
One of the main advantages of optical sensing is the ability to offer real-time analyte detection without extensive sample processing steps or specialized equipment [82] . Such advantages may give the potential for optical aptasensors to M A N U S C R I P T 
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Furthermore, a number of optical aptasensors have already been constructed towards biomarkers that may be (or 
45
DNA strands through π-π stacking interactions (Fig. 3) . In the presence of thrombin, these nanoparticles dissociate from 46 ligand sequences, relieving FRET quenching effects and producing 'signal-on' fluorescence emission.
[101].
Forensic drug analysis
immunoassays and a wide selection of chromatographic techniques [104] . With a high sensitivity, selectivity and reliability, gas chromatography coupled with mass spectrometry (GC-MS) or liquid chromatography coupled with mass M A N U S C R I P T
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However, such approaches are costly and may be considered inappropriate for high-throughput analysis due to extensive 1 run times. Rapid, cheap and portable drug-screening assays based on aptasensor technology are therefore likely to be 2 welcomed by the forensic community. 
12
Much like the thrombin-binding sequence previously discussed, a cocaine-specific aptamer constructed by Stojanovic 
18
Beyond cocaine-based assays, initial explorations are also being made into the use of aptasensing platforms for the 19 detection of amphetamine derivatives. Yarbakht and Nikkhah recently exploited the ability of single stranded aptamers to
20
shield Au-NPs from salt-induced aggregation in order to allow the colorimetric signaling of MA and MDMA presence 21 [105] . In this sensor (Fig. 4) , an aptamer able to bind both MA and MDMA is incubated with a given sample. If target 
26
In an alternative transduction approach, Huang et al. 
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Ochratoxin A (OTA) is a toxic metabolite secreted by aspergillus and penicillium fungi species that can exert severe 1 nephrotoxic, immunotoxic, and carcinogenic effects [114] . As such toxins represent a threat to health through the contamination of commercialized food systems, significant efforts have been made towards the development of a simple 3 and flexible sensing platform for the detection of OTA compounds [115] . In a strategy designed by Sheng et al. (Fig. 5 ), 4 this sensing was achieved by the use of FAM-modified aptamers which, in the absence of OTA, are adsorbed onto a basal particular three-dimensional confirmations and resist adsorption, allowing fluorescence to be monitored.
7
In an extension of the Au-NP aggregation assay exploited by Yarbakht and Nikkhah for the detection of amphetamines,
8
Wu et al. also utilised an aptamer-based sensor for the detection of arsenic within aqueous solutions [116] . In this method, 9 a cationic surfactant Hexadecyltrimethylammonium bromide (CTAB) was employed instead of salts to stimulate 10 nanoparticle aggregation, allowing the colorimetric detection of arsenic concentrations in the range of 1-500 parts per 11 billion.
13
Work 
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The ricin-specific aptamer SSRA1 was first hybridized with a single stranded DNA blocker and then it was immobilized 25 on the surface magnetic beads. When ricin binds to the aptamer, the blocker is released and it hybridizes to with a dye- 
45
To prove this concept the same group demonstrated the construction of an optical aptasensor towards the detection of 46 2,4,6-trinitrotoluene (TNT). In this sensing strategy, activated TNT derivatives are first immobilized on the surface of silanised optical fibres. TNT-specific aptamers mixed within sample solutions are then introduced into the flow cell and
48
bind to the surface-bound analytes unless already captured by TNT present within the sample itself (Fig. 6 ). Nanobeads covalently attached to these aptamer sequences are then used to report the amount of ligands bound to the fibre (with emission intensities inversely proportional to the concentration of TNT present in measured samples). 
5
Whilst aptasensing assays towards explosive targets other than TNT remain extremely limited, it is hoped that this 6 review will encourage researchers in the field explosives research to consider their use for the detection for compounds 7 such as hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX).
9
Conclusions
11
Challenges associated with the immunological and instrumental analysis methods currently employed within both crime 
